Objectives. To investigate racial/ethnic and language differences in the effectiveness of the Massachusetts Childhood Obesity Research Demonstration (MA-CORD) study among children aged 2 to 4 years enrolled in the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC).
D
espite recent national declines among young children, obesity prevalence remains historically high and racial/ethnic minority children continue to bear a disproportionate burden of obesity. 1 Among children aged 2 to 5 years, Hispanic children continue to have the highest obesity prevalence (15.6%) and non-Hispanic Black children have 2-fold higher obesity prevalence (10.4%) than do their non-Hispanic White (5.2%) counterparts. 1 Childhood obesity tracks into adulthood, and racial/ethnic minority children and adults are more likely than are their White counterparts to suffer from greater severity of obesity, type 2 diabetes, high blood pressure, and fatty liver disease. [2] [3] [4] During early childhood, sugar-sweetened beverage consumption, early introduction of solid foods, television use, and insufficient sleep are important risk factors for childhood obesity. 5 Racial/ethnic differences in these risk factors play a role in the development of disparities in childhood obesity. 5 Furthermore, language use-a proxy for acculturation-plays a complex role in the adaptation of health behaviors. Although there is some evidence that greater acculturation leads to greater obesity risk, 6 some have concluded that less acculturated mothers serve fewer fruits and vegetables and more noncore foods, such as sugar-sweetened beverages. 7 Finally, racial/ethnic differences in childhood obesity may be a result of cumulative disadvantage or "weathering," 8 as differences in child health are influenced by maternal health factors existing before conception, such as maternal obesity and diabetes. 9 Effective early childhood interventions that reduce risk among those most burdened by obesity could curb disparities and related chronic health complications. Although the literature abundantly documents the higher prevalence of obesity among minority children compared with their White counterparts, 1, [10] [11] [12] very little evidence exists on how child race/ethnicity and parental language might influence the response to obesityprevention interventions. We sought to address this gap. We analyzed data from the Massachusetts Childhood Obesity Research Demonstration (MA-CORD) project, a multisector, multilevel intervention designed to address obesity in low-income children. The chronic care model, originally developed by Wagner, 13 and the energy gap model for children, which quantifies associations of changes in energy intake and expenditure with weight change, informed the intervention design. [14] [15] [16] [17] [18] We focused on the MA-CORD intervention components based in the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC), a federal program that offers nutrition education, health and social service referrals, and healthy foods to low-income families. Previously, we found that MA-CORD resulted in improvements in body mass index (BMI) for non-Asian children in 1 community and health behaviors for all intervention children among WIC-enrolled children aged 2 to 4 years. We sought to determine whether intervention effectiveness was moderated by race/ethnicity or primary language spoken. We hypothesized that 1. Intervention effectiveness is moderated by child race/ethnicity: the relationship between BMI or health behavior and receiving the intervention is different depending on child race/ethnicity. 2. Intervention effectiveness is moderated by the primary language spoken in the child's home: the relationship between BMI and health behavior and receiving the intervention is different depending on the primary language.
METHODS
MA-CORD, a collaboration between the Massachusetts Department of Public Health, the Harvard T. H. Chan School of Public Health, and Massachusetts General Hospital, implemented and tested a multilevel, multisector approach to preventing and treating obesity among low-income children aged 2 to 12 years. The intervention was implemented in 2 Massachusetts communities. One additional community served as a comparison community. Communities were selected on the basis of median household income level, size, and prevalence of childhood overweight and obesity. 18 MA-CORD consisted of evidence-based interventions implemented in pediatric primary care, WIC, early care and education, after-school programs, and public schools. In addition to the site-based interventions, MA-CORD implemented community-wide programs and messaging. Details on the intervention and its components have been published. 18 
Intervention
We focused on the portion of MA-CORD intervention that was implemented beginning January 1, 2013 
Measures
Primary outcomes. We calculated BMI for each child using height and weight. Then, using the Centers for Disease Control and Prevention growth charts, 22 we calculated a BMI z-score (BMIz) for each child. In addition, because the BMIz may not accurately represent extreme values above the 97th percentile and is not recommended for measuring extreme BMI values, we also calculated another BMI metric, the percentage of the 95th percentile (%BMI p95 ), which uses 120% of the 95th percentile of BMI to classify obesity and is useful for detecting BMI change in children with severe obesity.
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Secondary outcomes. We derived dietary behavior measures from the School Physical Activity and Nutrition monitoring system. 18 We measured fruit and vegetable intake by asking (1) how many times the child ate a vegetable yesterday and (2) how many times the child ate a fruit, not including fruit juice, yesterday. The response categories were none, once, twice, and 3 or more times. We summed responses to create a single measurement of fruit and vegetable intake for each child. To assess sugar-sweetened beverage intake, we asked participants about the child's intake of (1) fruit juice, (2) sugar-sweetened fruit drinks, and (3) sugarsweetened soft drinks yesterday. We summed responses to create a single measurement sugar-sweetened beverage intake for each child.
We used a question from the Pediatric Sleep Questionnaire 24 to assess how much sleep each child received. We asked each participant, "In the past week, on an average weekday, how much did the child sleep during a usual 24-hour period?" We asked the question again, referring to "an average weekend day." We created a weighted daily mean for sleep for each child by multiplying the "weekday" response by 5 and the "weekend" response by 2 and then dividing by 7. We assessed screen time with a single question: "How many hours did your child sit and watch TV, DVDs or videos yesterday?" Self-reported screen time has been shown to have moderate validity compared with activity logs and 24-hour recall. 25 Exposures and covariates. At WIC visits, parents reported child race and ethnicity. We used US Census definitions for the 5 race and ethnicity categories. 26 We defined child race as Black, White, or other and ethnicity as Hispanic or non-Hispanic. Parents reported their primary language spoken, and we recorded responses in the electronic WIC record. We classified parental spoken language as English, Spanish, or other. We extracted child age and gender from the electronic WIC record. Electronic WIC records are reliable and valid and have been used in previous studies to measure changes in child BMI over time. 12, 19 We included 2 terms representing time in each model. "Time" represents years from entry into the cohort (or first measurement). "Time after intervention" represents time in years after the MA-CORD intervention implementation.
Assignment Method and Study Design
We used a quasiexperimental design to assign communities in a nonrandomized fashion to intervention or comparison. We selected intervention and comparison communities on the basis of similarity in size, per capita income, and prevalence of childhood overweight and obesity. We determined the sample size by the projected number of children eligible for inclusion in each community. Because the intervention was delivered to the entire community through systems-level changes, blinding to condition assignment was not possible. To evaluate BMI outcomes, we used electronic WIC records from October 1, 2010, through June 1, 2015. We considered children eligible for inclusion if they had at least 1 visit during the preintervention period at any of the 2 intervention or comparison communities, had at least 1 visit 6 months after the intervention start date, were aged 2 to 4 years at the time of the visit, and lived in a MA-CORD or comparison community at the time of the visit. From the WIC data system, we extracted data on child's age, gender, weight, height, race, ethnic background, primary language spoken at home, household size, and insurance.
To evaluate obesity-related health behaviors, we interviewed parents of eligible WIC participants before the intervention began and interviewed a different group of individuals 1 year later, creating 2 crosssectional samples. Although there may be some overlap between the 2 samples because of resource constraints, we were unable to track the responses of individual families before and after the intervention. The questionnaire contained items asking about nutrition, physical activity, and sedentary behavior of the child. We administered this survey in person in English, Spanish, or Portuguese. The respondent was the parent or guardian who brought the child in that day. Details on survey methodology are described elsewhere. 19 
Statistical Analyses
To examine the intervention effectiveness by child race/ethnicity and primary language spoken, we created multilevel linear regression models that included the following 3-way interaction term: time after intervention · intervention exposure · race/ethnicity and language. The regression models adjusted for effect of site and allowed the intercept to vary by site. We used the longitudinal data to model the effect of the intervention exposure on BMI, examining both BMIz and %BMI p95 . Each model included the following terms: time from entry into cohort, intervention exposure (yes or no), time after the intervention ended, child's age at entry into cohort, child's sex, and child's race/ethnicity and language. To accommodate a 3-way interaction, we included the following 2-way interaction terms in each model: "exposure · time after intervention," "exposure · race/ethnicity and language," and "time after intervention · race/ethnicity To examine the cross-sectional behavioral outcomes, we built models for each behavioral outcome and included the following terms: intervention exposure (yes or no), race/ethnicity and language, and time (before vs after intervention). To accommodate the 3-way interaction term, each model included the following 2-way interactions: "exposure · time," "exposure · race/ethnicity and language," and "time · race/ethnicity and language." The term indicating intervention effectiveness by race/ethnicity and language is a 3-way interaction term: "exposure · time · race/ethnicity and language."
Previous analyses indicated that, because the control community had a higher percentage of Asian children with lower baseline BMIs, the study effect may have been weakened by confounding. 19 When we excluded Asian children from the analysis, the effect of the intervention strengthened. Similar to previous work, we conducted sensitivity analyses that excluded Asian children. We conducted all analyses in SAS Enterprise version 5.1 (SAS Institute, Cary, NC).
RESULTS
The longitudinal sample drawn from electronic WIC records initially included 11 876 children with 20 503 visits between October 2010 and June 2015. After excluding children with missing data and children without at least 1 visit after the conclusion of the intervention, our sample contained 1461 children with 4180 visits. Additional details on the flow of participants and sample characteristics for each intervention site have been published. 19 The mean child age at entry into the cohort was just older than 2 years (28 months). Twenty-seven percent of the sample identified as Hispanic, 12% as non-Hispanic Black, and 12% as another race (including Asian). Seventy-six percent indicated their primary language was English and 17% were primarily Spanish speaking. Children in the intervention communities differed from children in the comparison community in age, race/ ethnicity, primary language spoken, and baseline BMI. Table 1 provides additional sample characteristics.
Description of Cross-Sectional Samples
The final preintervention sample contained 632 respondents, and the final postintervention sample contained 732 respondents. Additional details on sample characteristics have been published. 19 The mean age of children included in the preintervention sample was 40 months, whereas the mean age of children in the postintervention sample was 38 months (P < .01). There were also differences in race/ethnicity between the 2 cross-sectional samples (P < .01). Table A (available as a 
Body Mass Index
Comparisons between non-Hispanic White children and minority children indicated that there were differences in intervention effectiveness by race/ethnicity ( Table 2 ). The interaction term explaining change over time in BMIz by race/ethnicity (White non-Hispanic children vs minority children) and intervention condition was statistically significant (P = .03). This means that, on average, among children in an intervention community who belong to a racial/ethnic minority, every additional year following the intervention is associated with a 0.02 decrease in BMIz, and, on average, among children in the comparison community who belong to a racial/ethnic minority, every additional year following the intervention is associated with a 0.08 increase in BMIz. Figure 1 provides a graphical depiction of the interaction.
When excluding non-Hispanic Asian children from the analysis, this result is statistically significant for both measures of BMI (P < .01). On average, among children in an intervention community who belong to a racial/ethnic minority (but excluding Asian children), every additional year following the intervention is associated with a 0.07 decrease in BMIz, and, on average, among children in the comparison community who belong to a racial/ethnic minority (but excluding Asian children), every additional year following the intervention is associated with a 0.09 increase in BMIz. Table B (available as a supplement to the online version of this article at http:// www.ajph.org) provides additional details. The 3-way interaction for %BMI p95 is depicted graphically in Figure B (available as a supplement to the online version of this article at http://www.ajph.org).
The interaction terms explaining change over time for both measures of BMI by race/ ethnicity (non-Hispanic Black children vs all other children) and intervention condition were statistically significant (P < .05). The slopes for both measures (by race/ ethnicity and intervention condition) are reported in Table 2 . The results for %BMI p95 are graphically depicted in Figure 2 . Figure 2 shows that, on average, among children in an intervention community who are non-Hispanic Black, every additional year after the intervention is associated with a 1.38 decrease in %BMI p95 and, on average, among children in a control community who are non-Hispanic Black, every additional year after the intervention is associated with a 0.94 increase in %BMI p95 . Again, this relationship was strengthened when we excluded nonHispanic Asian children from the analysis (Table B ; Figure C , available as a supplement to the online version of this article at http://www.ajph.org).
The results for Hispanic children did not reach statistical significance but are similar to those for non-Hispanic Black children. The BMI scores of Hispanic children in an intervention community were stable following the intervention, whereas the BMI scores of Hispanic children in the comparison community increased (Table 2) .
There were no differences in intervention effectiveness by primary language spoken (Tables C and D, available 
Health Behaviors
There were no statistically significant differences in health behaviors before and after the intervention, comparing intervention with control children, and by race/ ethnicity or primary language (Table E, available as a supplement to the online version of this article at http://www.ajph.org). However, overall, after the intervention children in intervention communities consumed fewer sugar-sweetened beverages and slept more hours per night than did children in the control community. 
DISCUSSION
Although White children demonstrated decreased BMI regardless of whether they were in the intervention or control settings, not being exposed to the intervention was a greater disadvantage for minority children than for White counterparts. We also found that non-Hispanic Black children exposed to the intervention demonstrated a greater decrease in BMI than did other children.
In comparing our study results with surveillance data, our finding that non-Hispanic White children demonstrated a decrease in BMI, even when unexposed to the intervention, aligns with evidence that obesity in young children is decreasing overall. 1, 11 In the National Health and Nutrition Examination Survey, the prevalence of obesity decreased for young children after hitting its peak in 2003. 1 Other studies showed declines in obesity prevalence among low-income children 10 and children with health insurance in California and Massachusetts. 27, 28 We found that racial/ethnic minority children who were not exposed to our intervention had greater increases in BMI. Although childhood obesity prevalence has leveled off nationally and is decreasing for the youngest children, our findings align with data that demonstrate that racial/ethnic disparities in childhood obesity prevalence persist. 1 In New York City public schools, non-Hispanic White children experienced the greatest decrease in severe obesity, followed by Asian/Pacific Islanders, Hispanics, and non-Hispanic Blacks. 29 By contrast to these findings, other researchers have provided evidence that racial/ethnic minorities have greater rates of decreases in obesity prevalence than do Whites. 11 Finally, although obesity prevalence is higher among WIC-enrolled children, Pan et al. 12 found that, similar to the pattern found in nationally representative samples, 1 obesity prevalence decreased after 2004. The origins of childhood obesity are complex, and there are several potential explanations for our findings of racial/ethnic differences in obesity among low-income children. Chronic stress and obesity in adults and youths are linked. Low socioeconomic status and minority status contribute to chronic stress, thus increasing obesity risk. 30 Differences in health care could also contribute, as racial/ethnic and economic disparities in access to quality health care exist. 31 Maternal health and parenting practices could mitigate stress and create a healthy relationship with food. 9 Our results suggest that implementing systems-level changes across multiple sectors in low-income communities with high childhood obesity prevalence reduces racial/ethnic disparities in childhood obesity.
Although we can only speculate about why there were differences in intervention effectiveness by race/ethnicity, we feel that future research should investigate how to specifically tailor interventions to relevant cultural groups, because this is a crucial part of any intervention. It is possible that, although we used materials that were previously tested to be efficacious, the MA-CORD infrastructure and feedback from community groups allowed the intervention to be more specifically tailored and to reflect their diverse population. Finally, we should point out that racial/ethnic minority children generally started out with higher BMIs and so may have had more room to improve.
Strengths and Limitations
Our study had a number of strengths. The longitudinal design of the study allowed multiple repeated physical measurement of the child's height and weight at multiple time points before and after the intervention. In addition, we included a third community that provided a comparison with the 2 intervention communities, strengthening our ability to conclude that changes to BMI or health behaviors were a result of the intervention. Finally, implementing the study using existing staff had direct practical relevance, and the results are highly generalizable to racially/ethnically diverse, low-income populations.
This study had some limitations. First, the racial/ethnic makeup of the comparison community differed from our 2 intervention communities (i.e., a higher proportion of Asians, a racial/ethnic minority with low rates of obesity). To account for this difference, we conducted sensitivity analyses that excluded Note. %BMIp95 uses 120% of the 95th percentile of BMI to classify obesity and is useful for detecting change in children with severe obesity. 
